Host plant-dependent metabolism of 4-hydroxybenzylglucosinolate in Pieris rapae: substrate specificity and effects of genetic modification and plant nitrile hydratase.
After ingestion of transgenic Arabidopsis thaliana CYP79A1 containing sinalbin (4-hydroxybenzylglucosinolate) due to genetic modification, only one major sinalbin-derived sulphate ester (the sulphate ester of 4-hydroxyphenylacetonitrile) was excreted by Pieris rapae caterpillars (corresponding to 69mol% of ingested sinalbin). An additional sulphate ester (the sulphate ester of 4-hydroxyphenylacetamide) was excreted when the caterpillars were reared on two plant species (Sinapis alba and Sinapis arvensis) that contained sinalbin naturally. Artificial addition of sinalbin to S. arvensis leaves resulted in increased levels of the sulphated amide, and an enzymatic activity (nitrile hydratase) explaining the formation of the sulphated amide from sinalbin was detected in both Sinapis species, but not in A. thaliana. In agreement with the suggested minor metabolic pathway, the caterpillars were able to sulphate 4-hydroxyphenylacetamide offered as part of an artificial diet. In fact, phenol and seven para-substituted phenol derivatives with substituents of moderate size were sulphated and excreted, but all tested phenols devoid of a nitrile functional group were less efficiently sulphated than the primary sinalbin detoxification product, 4-hydroxyphenylacetonitrile. This suggests that the specificity of the sulphation step involved in sinalbin metabolism may be adapted to nitriles formed as metabolites of phenolic glucosinolates. On the contrary, there was no specificity for products (4-hydroxybenzylascorbigen and 4-hydroxybenzylalcohol) derived from the semistable isothiocyanate produced from sinalbin in the absence of nitrile specifier protein.